JP20041 65564 



Title: 

METHOD FOR MANUFACTURING GALLIUM NITRIDE CRYSTAL 
SUBSTRATE, GALLIUM NITRIDE CRYSTAL SUBSTRATE AND GALLIUM 

NITRIDE SEMICjg^p^pTOR ELEMENT 

PROBLEM TO BE SOLVED: To provide a manufacturing method of a gallium nitride 
crystal substrate whose diameter can be enlarged, whose dislocation density is low, 
which is superior in crystal quality and whose "warp" is sufficiently small, and to provide 
the gallium nitride crystal substrate obtained by the manufacturing method of the gallium 
nitride crystal substrate and a gallium nitride semiconductor element provided with the 

gallium nitride crystal substrate. 
SOLUTION: In the manufacturing method of the gallium nitride crystal substrate, an 
amorphous layer formed of phosphorous boron is vapor-grown on a surface of a silicon 
single crystal substrate, the gallium nitride crystal layer is grown on the amorphous layer 
and a laminated structure is obtained. Then, the silicon single crystal substrate is 
removed from the laminated structure and the gallium nitride crystal substrate is 
manufactured by the remaining gallium nitride crystal layer. The gallium nitride crystal 
layer is separated from the amorphous layer and thermal treatment is performed in an 
atmosphere including nitrogen atoms in a temperature range of 650[deg.]C to 1,150[deg.] 
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/iias^iii 9 5 O t~ 1 1 5 0 "C "C 5 „ 4# fd , i Dfil»7 5 Ot~l 0 o otrofi 

K 7 > ( (CH 3 ) 2 N 2 H 2 ) 75* £f ig IC ffl ^ k tl 5 „ 
£ b fc , a<b^y^-&ttft)l©»ft#3t«rS:** (cubic) i: f 5 ic li , i^^^/i't 

ft $ -tir 5 <o # S * L t>„ 10 
[ 0 0 3 6 ] 

^*Sj£ftL;fc^<b#y *A#ft««>:£fle©Jlffl:J:, 0'l X fi , 185 Omm©ii*g a H 9 S 

*s itm m & & & m & B tit l . <o y y«i*#g*i±cgft#!) * a 

&fi.Jl£^*gJ?JcftL;fci#-a-T-fi, 8 0/imHiiJ>o 4 5 0 )imKTi'IHl\ * 7t , _L 
lECDEI^^^^S^OiE^^S O m m A> ib 1 0 O mmCf tfci^T'l^ 3 0 0 m m « _h 
A^o 7 0 0 m m W T tf 5 M £ Ll\ 

r©tR*Jiff©*{b^y»Aiisftji»4. & 1* u t> 1 0 r- ft £ -it 5 g i* & < , ^ ts ft 
& 2 13 , 30, m , a»ias*bi?i6i-5ri:,= j:9, sa»u?»t<t^y ^Aiesg 

[ 0 0 3 7 ] 20 

0yx.fi, y > *b « * is B B B d ± kl m it a y <? a m £» s * n * a* 8 o tf m t * 5 4 r- m is at 

ft £ -tf: fc T- , - , a{b^y^^.i»ftfl«)*ti*ftSrfltjh**6. ^©1, <o ^<b 

, :©Sfft5lfti'y *A#ftJi$r$st§i*ft3S*rortttfc:*i«L, St*, ^ {b # y * a 
ttiBiJiSraffi«ft$-fr5. iOipfc, fi.ffi A ft * 2 [3 , fc 5 VMi 4x W Jh iz ft It T fr b 
C i: IC J: 9 , 0iJx.fi, |g # 5 0mm, 4ft®IfiS80uma±^o450^maT© 

o 

[ 0 0 3 8 ] 30 

* . #&wm istcmm (b) ty> (p) t^m^^mt^x^ts-v^itmm 
mm ±\z . ifuy ^Aeii^MtDSf Jtsr t tfts. ^«>y>Mfc 

0ijx.fi, mmfrcDv^itmm (bp) & a ji , $> z> & v > itum - 4 > & * j* ma m ( 

B „ I n , - . P : O < a g 1 ) f IU 0 ««t 5 ^ f # 5 „ 4* 1C SJbIOMI^ 

iEStlliig (z i nc-b 1 ende s t rue ture) <D $L S W CO V > it {US St (BP 
)cO{lll}ffiC0t& J F-ffi^Pi<*, ^/t-->i£SIM3t(Wurtzite structu 

re) <D^{b^y^^tOa*At&^-^m (a=0. 3 19nm) t i& - ft -f 5 . 

[ 0 0 3 9 ] 

s/ r- (mi s f i t ) 4E {4 co '> A m- ft W fa 14 CO W. it $ V V A & & Jl U fig -f 5 - t 40 
i5f^5„ *fi^«oyv{b»ISt^^B«>fiXft?fi«i:brii, 1 2 0 0 < CtJ(T/JS$pig-cfcS 
. CO 3 S li , 1 2 0 Ot^giS^Itli^ Qittf V •} M. (GaN) fcatLTte^-^g 
-g-ir^b^^B.aP.^CO^-fttfCOyvfbliiSl^alfJ. Am. Ceramic 
Soc., 47 (1) (1964), 44-46H#!8)ri s )gfi££;»X,^fB-&T-fc 

s s&» e> -c *> a . — * , mm£k<DmAfc<D!)^itmm&£km*ftz>\za, 7 
5o^«±*s»5S-efe5„ * 7t , ^coy^-fbsaSf^faJiii, #AfrJia»-e-£ft&e>j£Jt 

# & J: 9fiicft$i2r5co;55g<b#y ^AISftSSSrKJSi-Si-ClBia-CfcS. 
[ 0 0 4 0 ] 

{1 1 1} ffi*mmk-rz>mm#<D})i'itmm&&mte. {1 1 1} ffi^siits {1 

1 1} -i«gf B SrSSiLtf^t5;HiTJ5. 0ijx.fi, {1 1 1} - E£ St m S£ 50 
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ft g « <Z> * ffi l£ > h !J xf ( (C s Hs) ,B) / * * 7 >f V (PHa) £ ft # 

«&*fl:^«J««*6ajSfe (MOCVD) IC «fc 9 , 7 5 0 °CW±7>>ol 2 0 0 < C^T©/&ft 

* » «ttJ*ft«*fc:te»*$Wllf«i:yi'Slii:0>0fc*&Ifc* ( = P H 3 / (C 2 H S ) 3 B) 

. v>fc^>5 v / l I I tt** 1 x l 0'gIit5:J:t\ (l l 1} B5r*iit5 { 
i i 1} - pyft«g a a B I^t5:iist^5 0 

[ 0 0 4 1 ] 

rco {1 1 1} - y > ft MB X & b b b M <0 * E 14 , {000 1} - g ft # y 9 A ft ft ■ *< gb 
*ittlc0fiSc£*U#5 o ± E o (l l 1} - y yfklSfeli© {l l 1} ilcJEitS!) 
>- itfflmn { l l 0} Sw&^BfSPHi:. {ooo 1} - 2 it # y ^lilo^iioa io 
tti<z>*&?-5£&£jasi»& — fti-5fcat>, (ill) - !) yftligi&Sgltii, rs'Jjo^ 

* 0 0 0 1 } - tlt^P ^AiilSrltl^fi^tir i#T-*5 0 co 2 ft # y ^7 
A & B B B S © r R "9 j j± , m 7L tf . -*H*i'-1f#roT#&fiJfflLfc#^WfctrWfc:.fc*> 
, !7 - ^ (warp) i U T S i W K » * t 5 I i i« 7 t 5 . * fc , &$fft*&^-S-£-t4»£ 

j; k> , {i i 1} - v > itm m & & m ± \z i* ^ s. * y -< y v m fscrotg #m 1 x 1 o 5 c 

m-'BTi:45fi(Kfi**» {00 0 1} -2ft#y?AijSftJf£/£g$-tt5-£;45-e 

* 5 #J /4 s fo 5 „ 
[ 0 0 4 2 ] 

1 l li, cco«^LT#t>ixfca®flli&«El<o»rSfl|ig=Sr*-t-«S:@T*fc»). H j;i *5 T 

, w # i i i4 & » ( s i ) m m a a « . 1 2i*y yftii <b p> ^^n, 1 3 y >- 20 
ft $b n (bp) & ft n , 1 4iiiiwp n ( G a N ) as ft * -c *> 5 . ^©gfttfy^A 

( G a N ) gfall 4li, & « (S i) * *S ft S 1£ 1 1. H Vftli (BP) # ft ® J§ 1 
2StF!J yftlt (BP) IS i I 1 3 «r i i L fc f « fl?i^S?rJSi-C^(CJ;'9, ¥ « I- 
ffitifctft^ U ^ i>SSSS 1 5 t 5 „ 

[ 0 0 4 3 ] 

It-ii, r s j w /h £ 2 ft # y a «& ft m wl % # -5 tz «> ift^y 

SiCiai (annea 1) £• Jfi -f » 

— » t , »»3i**sffii*-rss**ii$*a««rftiifufctti»-caft^y ? a ft ji c: it* 
a * * u -c t> , •) j * it # y * a m ft m m. & n z> <n> 14 n l v> „ ■* r -e , * m 
m m m -e « , 2 ft # y ^AiAi^&tx^iAiifiKt/^AitKHtit, r *t <b 30 

2 ft # y !>Ag^i?r5)iLfcttiit*, us a £ j& -r „ 

[ 0 0 4 4 ] 

0iJ;L»4\ ±IE<D^ftKg±^mS:«£(Oy>{bffliigMft®*^L-C^ft^y A ft JI £ U 
L fc it o T I* , ^SfilSriitSil:!) v ■ t t ff ■& T t 5 © 

#t*t5„ cciSiyf yycii, t&] x li > 7 ft * m m ( h F ) i: ffi m ( h n o 3 ) 

t vitfcmM-fft&wLmtft$m^mh^tbfrz 0 z.<r>? y it* mm - mm mm 

* m sterns- <D&m mm ftwMB&w 31 y ^ >- ^ a ans *a ;£ ic <t 0 *n t> ax-t ( 

* flti'ya^feil*] . (SO A*) . ?fil5¥9^ 3 0 Blff^ 1 1 3 ~ 1 1 4 H # 
H&) . ' 40 

[ 0 0 4 5 ] 

£ fc, ^IllSSSfii^ K5-f (dry) iyf y^§ia!i»it5:nt-# 

S . mx.it . H lg ft flH Si ( B C 1 , ) 4i'©Anyyfk»^tlt5/7Xv (p 1 a s 
ma) iyf y^i:±9B!*t5:iijs-c$5, 

^ -f t * V K (d i amond) , ^ft^^ ( S iC) , itll ( B N ) , T/u 

5 (ai 2 o 3 ) momitto. mfrbtezmi%m<omm$:@imi,xmmt£}temm^±'9 
^ic, (b) tyv (p) t*'£t!V>itmmi¥£hmmRxfv^itmm£iM,mte, it 
*W*w*Sr*Jfflurisst*-*-*o*«a*w-e«)S. 50 
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[ 0 0 4 6 ] 

KfelfiSi Lt li> 6 5 0 tyiA'O 1 1 5 OtElT^ffltJbS. ^ W 1 fi li , 6 5 

o *c * e§ » is ?a -c- 1* . m.itx v v J»m&m\z rsoj «r««-ra <*#»u«rtti- 
rt^T-if, & tz. i i 5 otigxsftst-ii, \t % v v m & m h <n ■g.m <r> M 
mr-mm t f£ <o . w-ft tt&mnmtx v * a a s « & si it -r 3 ic i* £• t * s a> % x* 

[ 0 0 4 7 ] 

V*-C«J*1-5:ii: #J x. , TV^^T ( N H , ) . t K 9 *s V ( N , 10 

H 2 ) ^cD^^m^^^^tPTK^ ( H 2 ) # * , ^5St (N 2 ) # * , T /U =T > (Ar) ^> 
•^U^A (He) m<D^f£&%fobfrht£%U&%W-$:nmirZ>^ttfX-%Z>* 
[ 0 0 4 8 ] 

mfr&ittf d a ji h (omm town znu-t z> <o \c%)t> * mi- a . u a* o x , 
m a* # <b *x -5 „ i o o o °c« ±<d rn.mxm.it* v n^fiicajiiiirSts^ 

„ 7>*-7-7;w^yii^#i^^i*t5^Si»^ (rcDt^iiTy^^r) rate 
9^?^ 5 0 %£IJ: i: t L^„ ft *5 . SUB T* « *!i 3 , ^^Ifi^^tfXfcW^ 

$^1 00%it5, r#*>^^^^#^W^<^#H3&*^^teLTfc^U£;tlifcv>. 20 

-¥ T* $ ^ ft 5 o 
[ 0 0 4 9 ] 

js n# p«g i* . issfeiiaonwu ?AisAJiw^ffiro¥rtt£;is*&t>ft&i^<fc5^v 
g«$^cs*t*j< «)i)!±^„ 4# . Bftiastfua-efcss. «i «t a b# »* *s si -r & 

-t- T (NH 3 :fr«#^=7 0%) - T )V =r ^ (Ar : # « # = 3 0 % ) fllfl' 30 
*8 ^ T tt » 1 0 5 0 "C T* 3 0 # , »fil«:Itfl!l «: #lf 5 : i # T * 5 . 
[ 0 0 5 0 ] 

HJ«iilJ > ±lSSr£>ftt-£oiaS-ellt!K>SH:4<, #J ;i . 6 5 0 t»iiS>o 1 
t t> "C # -5 „ 

srijifH. * *j , jR&at , <o*»ftja«aE{t:«:» m it # v *? & m a s i- m m & & c 

[0051] 40 

roic, nk^fy ^ Agfai^bii^^iits^^if isri^*L, # & l rt m. it 
, r ^ ^ # y ¥fflttt-«ft;fc£te#y srAigftssfcfca. 

[ 0 0 5 2 ] 

# v * j*m&mfr *±> <ommv>misi&&nizitoM-r z z. t #x z z> o * , r co ^ <t # y c> 

A A Jl J* , & 51 K #J ffl L g ig'# T-i:»4^^^'&^m^^5r-&tf#ffl^ c t 3 'C*^Sp-r 

?> r. £ t> T- # -5 „ 50 
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j& f£ £ i& *T T* # # T fij « T* £> 5 . #J ;i > T > * - T (NH,: S®»$ = 6 0%) - ^ 
IS? (N, : = 4 0%) il-g-#Hm^T-||R^aS-^*SLfc^. T >- * = T ( N H 3 

: *i^f = 3 0%) - g ig (N s : # « # * = 7 0%) I&flg'f T'ifelfat !)> 

6 5 0 < C*T'^*P1-^^T-fcS„ 

[ O 0 5 3 J 

^^roftsi^^j: < tttt)*^, f l , ^ mm ft & #mft m z m (=o) t 
(h,) . am (n.) . *ts&%»^fr (b K z&mmft* & * tt^^m** -?mi&-t 10 

.A *S & Jf 1*9 * 3g (TkiSfiSK^) ^SALfci^lc, *<0**«rttft«)^«B — tt«k**S«ci 
[ 0 0 5 4 ] 

# *P & , g -ft # y * A & B B B jf ^ ft {$ ft #F ^ (CMP) Sr MS * tf , *B#¥»ttKi 
n fc £ f # y ^AgfaS«?r#5ii:!ist-#5, ^ # y ^A^ a B a gro^cSW^t*^J^« 

asqzsttKiigixfc^stt&sv^isigiftroStetfy <yj*mihm&m& (.mitx v v j* & & 

20 

[ 0 0 5 5] 

(DmittfVt-k&ik&tiKn&ftiz, -*"(D®14co^--^t4 (Ohmi c) li ® £r 15 t+ 5 i 
iU, _h|2<0®g«iti*:±lcf|ll^-©^ttK>^--Att (Ohmi c) tS^r^lt 5 ^ t I- 
id, 3§ ft ^ -4 yfr — K (LED) fciv^u-f ^•f * - K (LD) Sri^t^r t^t* 

A € ( G a , I n , - . N : O^X^l) fet^ t t 5 t #»*fi h 5 I' # ( 

FET) srjBjfc-rsrfcj&s-e**. 

[ 0 0 5 6 ] 30 

{ill} -s#*^r B ns±©»if it till) - yv<kiB^^ B B a Jit<ir^SE$-fr 
5itt-f ^^Jifc {0001} - m.ikX V V J»t£&m\' £ *) . te fit <s « © /h 

^©^^V^LED^fDliSi 1 -, $> S VMi Bf Sfi (d a r k c u r r e n t) IS &S £ 

tlfcT/^yi'i (ava 1 anche) I S li p i n S ^ I © f )t I f ?: t 5 ^ 
t *5 f 5 „ 

* , v' a y h — (Schottky) i^ - I- (gate) ® H <£> it (1 eak) 

mm*nffl-tzti<^?%)W : hmifzz.ttfX'$. v — ( g a t e P i n c 

h-o f f) 4$ i- {g tt , il^ffiSayy^^V^, V^t) * 5 g •> 3 s> h — & 1! 40 
F ETSrJg^i-5<D»c^rfiJi:/«c?.o 
[ 0 0 5 7 ] 

H2tt,**lt?K«©**yW , 5*- — K(LED) (^^^y^A^^^fr^^-) 2 1 
tilBf*)!), ±l5lcJ;<J#^>tbfcfi^^y^A (GaN) gfiSSl 5ilv»fc«l? 

$> <5 o 

g| Kl 33 V> T > fff 2 2linIlft#!J n (GaN) ft fa S « , 2 3ttntift* !l 7 A 

(GaN) *>bft5T»?7y Ki, 2 4 IJniHt^!J • yv'^A (Ga I n N 

) 5 » * Ji x 2 5lipS!) yftlil^t./iSiSt^ 7 ? KI, 2 6 ttial^ 7 7 

Ki 2 5 ©*B"f ilfc pSt-^ttlli. 2 7 lilft* !) A (GaN) fg 

Ib1£2 2013 ( — £ ffi ) Ol6±IIC«*$tlfcnit-AttSffit&5„ 50 
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[ 0 0 5 8 1 

t m m m ] 

[ 0 0 5 9 ] 

( m i mmm) 

mm (s i) $ei B is±ic y yft«i©*fi«ixt;f igsiS:^Lt^«^*fci<k 
# y ? a & b b b ji ^ «b ^ ft # y ^A^aifi^siiitsi^^WKSti, *^p^ort^Sr* 
^ w ic wt m -r z> „ 

[ 0 0 6 0 ] 

*-r,niifc^-r^^«it*i5r^ssufc 0 io 

31 » (Si) *.^ B B B S«lliLT», y V (P) K - -f n S O {111) - S i * B B B 
S « £ ffl ^ fc . r tf> g & 1 1 <£> S i ^fefsOSia-CWltfifii (JgJTL^) 1 x l 0 ' 3 

Q • cmT**>ofc„ £ . 3t ® # ^ ffi ( m i r r o r) lc i g $ tl , K®75>fi<W«£*b 
# |g (a s-1 a pp i ng) <75 jE g 5 0 m m.<D R^OS i #i S Off $ liiKl 3 . 5 X 

10" 2 cm ( = 3 5 0 n m ) T* o fc„ 

[ 0 0 6 1 ] 

rogjgl 1 60 {1 1 1} S _h K , ^ffi ( B& * 5( ffi ) *^^m^tSfi!c5 (MOCVD) m 

\Z. X *) » 7V K-/©!) vftii (BP) #ifil 2?ritl$tfc„ 

I ©^faSI 1 2 l±, hU^^/l-iim ( (C 2 H 5 ) 3 B ) ?rlilt L, * fc, * * 7 

(PH 3 ) £ y >- £ b T , 450 < CT'±t«U^: o liSl: 5 D vlOMO C V 20 
DS^^^W^ffiBfP^lCiott^WI&ig^WW:* ( P H 3 / ( C 2 H ., ) 3 B ; V / I I I 

itm) lii 6 i Lfc. :<op yftil# B B 9 fi i 2 off ii l o n m i Lfc. 

[ 0 0 6 2 ] 

y«T-fc5*^7^y (ph 3 ) i7k^ (h 2 ) ^f^w?a-&^^.#iam^T*stei icoja 

tiS: 9 2 5 ti:lf ^fc s ffl*$R£f?t>*fiic*)£-ti:-C. # B B B « g 1 2 ± fc T V K 

- 7" f n S © {1 1 1} -!)y(bHiiSH 3S:9 25 c CT-*t«L/c, ItS^S^iOV 
/I I ltt$!il 3 0 0 iLfc. !) XtlifeSi 1 3«iftt 1 2 0 nmt Lfc„ 
[ 0 0 6 3 ] 

13±fcs #y?A (Ga) / T > ^ ~ T (NH) / * lit (H) K 30 
iSS^'f K5-( K*«)S« (HVPE) SCJ:*), {000 1} !> A (GaN 

) ig B B B I 1 4?r««Ufc, 

:ol{k^/ u ^ISSi i 4ii, l o 5 ottiaifc. iibify i> A#gf B i i 4 o 

lilt 1 . 5 X 1 0 " 2 c m ( = 1 5 0 m m ) t Lfc„ 

z <D*it# y v j»t&g>m i 4w^tBfiKg^^T$-yrfc«. waiter tci 9 , {1 1 1 
} -mm (si) ^ife B a BS«ii/y>{iiii9B*#B B BK®i2/{iii} - y vftiie 

b b b^1 3/Ht#y 9 A & A Jf l 4i»f)ft5||lijS#li:»fc. 
[ 0 0 6 4 ] 

iCD^{CLT#^ttfca(S^jt(*:i HVPElii 9:?1-gB — &9ajLfc 0 

•^com, aiffiiifi ^i^t^siiiSaissi i ftitfcmwtRxfmm&^tfftik 40 

« B 1 2StJ5y^-(kJ88m^l 3«r«Lti* Lfc, W It X . it # V ?A^f B I l 4 (D 
MM (S i * & £ £ « 1 lfflJWE) 14bl;t<«lLfc. 
[ 0 0 6 5 ] 

JSfe 1/^ T? . il^iSH 1 l«?Srl&*LT#gibfc^{t:;tfy ^ A ^ fa I 1 4C, 1 0 5 0 
tMC^^T, T>-^e-T ( N H 3 ) -*lif (H 8 ) (Djg^-^^^lSm^T-^^S^JfeLfc 
„ jg-a-^^#ffl^Sr«fig.-f5T>'^=.T ( N H 3 ) ©«fttt»»3 !) y h ^ ( 

1) tb, 7k* (H 2 ) tf X (O & & & ft 1 \) -y h /U (1) t Lfcfcfe, fl # ffl ^ & # 
-$T T ^ *z =■ T (D ft & \% 7 5 % T? *> o fc „ 

ifelftMtt4 5»t Ufc. ??& & S & T & , i<t#y l> 1 4 ±|E©7 n 50 
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T ( N H 3 ) - * * ( H ,) ^I^^^Sit^tM 0 5 0 °C^b6 5 Ot^T'ftSlf: 
0 ^g H B B i 1 4(^i&S^6 5 oti:lilf:S ( ST\ T > ~ T ( N H 3 

) Rxffom ( h 2 ) ^2x*o**&sr^ifcb, ^.m ( n 2 ) o^^fffflm^T-^ti. (2 5 r 

) * -c ft *P L o 
[ 0 0 6 6 ] 

gsiosfiii) i 4 a & y 4 ^ * >- k *aet^ ?r m^x mmi^mm u , ^ it # y # a 

« A S « 1 5 £ L fc o 

- jK to ft u - if T & J£ £ *iJ ffl b fc ®J ^ -C I* , »&S*MLT#fcSHb;tfy*.**SillS«l 
5 CD rgij J f* , 7-^l:LTl X 1 0' 3 cm ( = 1 0 /x m ) "C fc o 0 £ fc. ^ lb # 10 
!J*i>*SifiS*l 5l4ni©«*eitlL, - « W ft * — ^ (Ha 1 1) Jft * ft « . 
^r^yrSS (n) (i»2X10 l8 cm- 3 t*)of: 0 
[ 0 0 6 7 ] 

* tl , -«ttft(rBTEMSia*), ^fb^fi;^A^ H B B S®i5co^gl5coPjm^^*»^ 

LfcoWWffffert^^llttl&^^Vh^^hflfcCL. T . Romano et ai 
Mat. Res. Soc. symp. Proc., vol.423 ( 
1 996), p. p. 245-250*») * 6 * » ?> Jlfc (Ktt«S tt , ft 1 X 

1 0 s cm- J ifi«S-efcofc o 

i 5 tfPKtSwfctf-eifc. 20 

[ 0 0 6 8 ] 

(K2«ikfl) 

» 1 nSSfb*^ A3e*SfiSrWffl LT, » # ^ >f * — K ( L E 

D) *«fi8i-a»-&SrffJ^*i9, *«W^»fc5tt{fc^y *A*¥i*tt*^S::ft*«n-til 

[ 0 0 6 9 ] 

H2l:*t8*^-<t- K (LED) 2 1 SrfflKLfc. 

* T , nSijU^ ^Ag B Uffi2 2 id, MOCVDSiao, Tf2<£>#Jl£:JiH#c«e 

(1) S » (Si) K - ^ n 9 {0001} ?A ( G a N ) (n=ixi0 1 30 
8 c m " \ € (t) = 1 X 1 0 ~ 4 c m ( = 1 n m ) ) ^f>4 5T»^7 7 Ki2 3 

o 

(2) nig{UD • ^ ( G a o. 90 I n o. . „N ) ( n = 7 X 1 0 1 
7 cm- 3 , t = 5 0nm)a>bft5nS!S£3teJl24 o 

(3) 7> K-^t*pS(D (1 11} - V S it m m (p = 2XlO ,9 cm"\ t = 3 
8 0nm) 4»645±»?7 y Ki 2 5. 

[ 0 0 7 0] 

lEOnSHb^/y [>A ( G a N ) BStfnSSft#y • >f y ^ ^ (Gao.oo 

1 n o. i oN ) Jl , ( C H 3 ) .Ga/NH./H^KSRMOCVDftlU?, * 

* 1 0 5 0 t, 8 5 OttltftHt. 40 
ply yftlSfi (C 2 H 5 ) 3B/PH 3 /H 2 K«lMOCVDfti:J;H 0 2 5 t 

j£ ^ S * fc o 

i»??yKi25tt, Sja"e<D«i»*S:ft3eVit5pSy yfci*ifc«^t« 

a -c- # & & n t l r t> w m -t % - t # x # 0 

[ 0 0 7 1 ] 

2 5 iCgttf * (Au • Zn) LfcAu • Z n / — y ir & (Ni) / 

Au(D3mmmmfe<Dpm*-^®imm2 6 & » ^ u tc 0 
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